Abstract
Introduction 1
The transport sector contributes approximately a quarter of global energy-related carbon 2 emissions and consumes about 30% of total end-use energy (Sims et al., 2014) . Over 70% of 3 greenhouse gas emissions in the transport sector can be attributed to road transport, and this 4 share is even higher in OECD countries. Accordingly, the transport chapter in working group 5 III's contribution to the fifth IPCC report (Edenhofer et al., 2014) concludes that "avoided 6 journeys and modal shifts due to behavioural change, uptake of improved vehicle and engine 7 performance technologies, low-carbon fuels, investments in related infrastructure, and 8 changes in the built environment, together offer high mitigation potential" (Sims et al., 2014 , p. issues, when attempting changes in mobility patterns (Mattioli, 2016) . Setting up programmes 16 that encourage individuals to try out alternatives to driving, such as free public transit passes 17 Formal social groups are understood "as locally active groups whose members meet face-to-31 face on a regular basis and engage in collective action to pursue certain goals" (Frick et al., 32 2017, p. 1540, adapted from the definition by Schulz & Baumgartner, 2013) . Examples of such 33 groups are sports clubs, choirs, neighbourhood associations or political parties. Collaborating 34 with formal social groups is a promising approach to reach target groups and motivate 35 behavioural change. This is for four main reasons : 36 First, members of such groups often share trusting relationships. This is because they normally 1 meet on a regular basis to reach a common goal, such as training for sports (Schulz & 2 Baumgartner, 2013) . Therefore, group members may react more positively towards energy-3 saving programmes when communicated by their own group rather than by a city 4 administration. Accordingly, Frick et al. (2017) demonstrated in an online experiment that 5 participants were more motivated to follow an energy-saving programme when addressed by 6 their formal social group compared to being addressed by their municipal administration. 7
Second, formal social groups create an arena for sharing mobility-related experiences and for 8 social learning about sustainable mobility practices (Axsen & Kurani, 2012) . Because such 9 groups can motivate and support their members to try sustainable transport options, they may 10 reach individuals who would not otherwise commit to behavioural change. 11
Third, the social norms within formal social groups are developed, shaped and changed over 12 time. Social norms have been recognized as having a powerful influence on behaviour (e.g., 13 Theory of planned behaviour, Ajzen, 1991; Value-belief-norm theory by Stern offer valuable reflections on collaborations, usually successfully concluded ones, with different 10 groups. At the same time, they do not systematically compare these collaborations to other 11 approaches. Therefore, it is difficult to estimate the effectiveness of formal social groups as 12 multipliers based on these studies. One exception is the above-mentioned experiment by Frick 13 et al. (2017) , which compared the motivating potential of formal social groups and municipal 14 administration in the promotion of energy-saving programmes. However, since this study took 15 place online, it placed participants in a highly artificial and hypothetical setting that lacked real-16 life contexts and consequences. What is missing are field experiments that examine formal 17 social groups' multiplier potential in a systematic and contextualized way. 18 The goal of the paper at hand is to address this research gap by inquiring if collaborating with 19 formal social groups is a more effective strategy for propagating behaviour change 20 programmes in mobility compared to targeting participants individually. Thus, we aim to 21 systematically investigate if collaborating with formal social groups i) is an effective strategy 22 for reaching potentially interesting target groups and ii) can better promote behavioural change 23 in mobility compared to addressing participants individually. Although this paper presents a single field study based in Switzerland it is relevant for an 4 international audience. This is in particular for two reasons: First, many cities worldwide are 5 currently running programmes to promote behavioural changes in the mobility domain and are 6 struggling to reach target groups. The study at hand provides empirical insights into an 7 innovative approach for doing so via formal social groups. Second, our field study 8 systematically compares targeting individuals and groups for a behaviour change programme 9 in mobility in a quasi-experimental setting. The gained insights are thus of high relevance for 10 behavioural change research in the energy field. 11 To recruit gym members, large displays promoting the programme were installed in the foyers 31 of four gyms in Winterthur. Flyers were also distributed. These communication materials were 32 identical to those distributed to sports clubs save for small differences in the contents, since 1 materials for the Team Cup addressed teams while those for the Fitness Cup addressed 2
Material and methods

individuals. 3
As a whole, the programme resulted from a close collaboration of research and practice. 4 Researchers, city representatives and a communication agency collaborated closely in 5 different stages of the programme: designing and implementing the programme, selecting 6 strategies to reach target groups and compiling the accompanying research. 7
2.2.
Data collection procedure In addition, we checked the regional weather data for each period. Table 1 shows that 1 precipitation, a major barrier to cycling, had similar rates before and during the competition 2 (April/May 2016 and May/June 2016, respectively) but was lower in September/October 2016, 3
which was a few months after the competition. The mean daily temperature was lower in 4
April/May and it was equally warm in May/June and September/October. 5 The field experiment was set up as a quasi-experiment and included the following independent 10 and dependent variables: 11
Independent variable (quasi-experimental) 12
Formal social group or individual: This variable was operationalised by the two different cups: 13 participants in the Team Cup participated as part of a formal social group and participants of 14 the Fitness Cup participated individually. 15
Dependent variables and measures 16
Motivation: The first questionnaire (T1) asked participants about their motivation to participate 17 in the programme. Reasons included health and fitness, climate and environment and 18 competitiveness. Team Cup participants responded to additional items relating to group 19 dynamics. Participants responded on seven-point Likert scales (see Table 3 
for items). 20
Mode of transport to training: This was measured in three online assessments at different 21 points in time. The first questionnaire assessed respondents' modes of transportation in the 22 six weeks before the cup began (T1). More specifically, participants reported i) how many times 23 in total they attended training in the six weeks prior and ii) how many times they took the 24 following means of transport: bike, public transport, car, motorbike or foot (self-report). 25
Transportation used to attend training during the cup was reported online for each training 26 session, again differentiating between going by bike, public transport, car, motorbike and foot 27 (T2, see section 2.2 for details about online reporting). Twelve weeks after the cup ended, 28
participants' modes of transport to attend training over a six-week period was assessed in the 29 third questionnaire (T3), which contained the same questions as in T1 (self-report). 30 computed based on mean responses to the three items with acceptable to good reliability: 8
Cronbach's α T1 = .76, Cronbach's α T2 = .79, Cronbach's α T3 = .86. We also included 9 questions about social norms in Fitness Cup participants' questionnaires. These related to 10 mobility behaviours of family and friends. Data yielded no significant impact of the competition 11 on these norms, therefore these items are not analysed further. 12
Socio-demographic and further variables 13
Socio-demographic variables such as gender, age, and education were collected, as well as 14 participants' travel distance to the training locations. These variables were only asked once to 15 keep questionnaires as short as possible. overrepresented when compared to Swiss population statistics (see Table 2 ). Car ownership 23 among Fitness Cup participants was lower than in the overall Swiss population. Meanwhile, 24
Team Cup participants mirrored Swiss population statistics regarding car ownership. 25
Participants in the Fitness Cup were of a higher mean age and, accordingly, a higher 26 educational level compared to participants in the Team Cup, 10% of which were still in 27 education. 28 Some participated in the competition without filling out the online questionnaires. Response 29 rates were lower for the Team Cup than for the Fitness Cup. They are displayed in Table 2 . 
Encouraging participation through formal social groups
5
Twelve teams participated in the Team Cup. The coaches of these teams were able to 6 encourage 187 members to participate in the competition. This implies a multiplier effect, as 7 every participating team on average engaged 16 members to participate in the programme. In 8 contrast, only 31 participants were recruited in the Fitness Cup (see Table 2 ). 9
For participants of both the Team Cup and the Fitness Cup, environmental reasons were an 10 important motivation for participating in the competition (T1). Health-related reasons were 11 significantly more important for Fitness Cup participants than for Team Cup participants. For 12 the latter, social reasons were also important: Many of them participated because they were 13 motivated by their team or their coach (see Table 3 for details). 14 
3.2.
Changing mobility behaviour participants. This difference was not statistically significant; t(89) = .63. p = .53. About 90% of 10 participants indicated that it was possible for them to travel to training sessions by bike. Only 11 a very small share of participants mentioned that they were unable to bike to trainings because 12 it was too far away (9%) or because they had to carry materials (2%). Participants indicated 13 via questionnaires (T1, T3, both self-report) and online reporting how many times they 14 attended training by bike, public transport, car, motorbike or foot. The programme's influence 15 on participants' modes of transport to training sessions before, during and after the programme 16 is described in the following paragraphs. As the programme promoted reduced car use and 17 increased bike use, we focused on these two means of transport in our analysis. 18
Only participants who completed questionnaires T1, the online reporting and questionnaire T3 19 were considered for analyses. For each participant, we calculated the share of car and bike 20 use to training sessions for three different time periods: the six weeks before the cup (T1, self-21 report), six weeks during the cup (online reporting), and six weeks following a couple of months 22 after the cup ended (T3, self-report). Mean shares of car use and bike use are displayed before, 23 during and after the cups for Team Cup and Fitness Cup participants (see Table 4 and Table  24 5). 25 during the programme and after it, but this decrease is not statistically significant (see Figure  23 2, left graph). 24 Only participants who completed questionnaires T1, the online reporting and questionnaire T3 were 10 considered.
11
Participants' bike use to training sessions over time was investigated using a Repeated 12 Measures ANOVA. Figure 2 (right graph) shows that participants reported a substantial share 13 of bike use to training sessions even before the competition. Table 7 shows a significant main 14 effect for bike use over time; F(2) = 3.62, p < .05. This indicates that the programme had a 15 significant effect on bike use for both groups. While bike use increased during the programme, 16 it returned to its previous level after the programme. This effect was more pronounced for 17 participants of the Team Cup. However, the interaction effect between bike use over time and 18 type of cup was not statistically significant; F(2) = 1.50, p = .23 (see Figure 2 , right graph). 
Effects of social norms on mode choices 6
In the following, we analysed the role of social norms in teams. This analysis is therefore limited 7 to participants of the Team Cup. First, we assessed the impact of the programme on social 8 norms over time by a Repeated Measures ANOVA. Table 8 
17
Next, we investigated whether social norms are related to modes of transport to training for T1, 18 online reporting and T3 using linear regression analyses. Before the cup started (T1), social 19 norms were related to participants' reported means of transportation to their training. The 20 stronger the social norms, the smaller the share of car use to training. For bike use, no such 21 relationship could be identified (see Table 9 ). During the competition, a similar yet more 22 pronounced picture emerged; social norms measured directly after the competition (T2) were 23 negatively correlated with car use to attend training during the competition (online reporting, 24 see Table 10 ). Once again, no significant relationship between social norms and rates of 25 cycling to training was found for the time of the competition. A couple of months after the 1 programme, a negative correlation between social norms and car use emerged, as well as a 2 positive correlation between social norms and self-reported bike use to trainings (T3, see Table  3 11). Together, these results suggest that social norms were related to reduced car use rather 4 than increased bike use. Only after the programme ended did stronger social norms correlate 5 with higher rates of cycling to training. Despite these effects, social norms only explain a minor 6 share of variance in car or bike usage. 7 Table 9 . Linear regression models of car use and bike use before the competition started (T1). 
Discussion
18
The goal of this study was to explore if collaborating with formal social groups is a more 19 effective strategy for behaviour change programmes in mobility compared to targeting 20 individuals, both in terms of reaching target groups as well as fostering behavioural change. 21
The setting of our study was a programme promoting substituting cars with bikes to attend 22 sports/fitness training. The programme approached sports teams and individuals exercising at 23 gyms, which allowed a systematic comparison between both approaches. Thus, our study 24 draws from data concerning a specific segment of the population that has not yet been studied 1 empirically. 2
4.1.
Discussion of main findings According to our study results, cities planning energy-saving initiatives may approach formal 19 social groups to more effectively reach out to participants instead of approaching individuals. 20
At the same time, one must consider that recruiting coaches and teams required substantial 21 effort: Motivating the coaches required a tailored communication strategy, and personal 22 contacts to the city administration and research team were also crucial for recruitment. In many 23 cities, these personal contacts are available, as the municipalities often provide infrastructure 24 for formal social groups, such as training facilities, and many municipal employees are also 25 active members in such groups. Collaboration between different departments within a city is 26 furthermore quite promising, as it combines technical know-how (e.g. energy and 27 environmental departments) and access to different social groups (e.g. sports departments). The programme led to reduced car use during the competition, but only for participants of the 31
Team Cup, who used their cars significantly less often during the programme compared to 32 before. However, this effect did not persist. Car use among Team Cup participants increased 33 again a couple of months after the programme ended. This effect cannot be explained by the 34 weather, since the mean daily temperature after the competition was comparable to that during 35 the competition; in fact, precipitation rates were even lower after the competition. Fitness Cup 1 participants' shares of car use were already low before the competition, and they remained 2 similar before, during and after the programme. A significant increase in bike use was found in 3 both groups during the programme compared to before and after the programme. In addition 4
to behavioural changes, we investigated the role of social norms in the observed behavioural 5 changes in Team Cup participants. We observed that social norms differed before, during and 6 after the programme, with social norms for sustainable mobility being strongest during the 7 programme. Coaches openly asking about transport mode during the training session could 8 have fostered both descriptive and injunctive social norms within teams. These norms 9 impacted participants' modes of transport to training, especially during the programme; the 10 stronger the social norms were, the less often cars were used to attend training. These results 11 confirm that social norms are especially powerful when including face to face interaction 12 (Abrahamse & Steg, 2013). 13 Although we found that formal social groups are effective conduits for participation, the 14 programme itself did not seem to have promoted lasting behavioural change. One explanation 15 for this effect is that the programme was not disruptive enough to break participants' mobility The question of how behavioural changes can be maintained even after a programme ends is 34 crucial; and assessing how spillover to other mobility domains can be facilitated is also critical. 35 The shift in social norms observed in this study is a promising starting point. Although social 36 norms were strongest during the competition, they did not relapse to their initial level (as was 37 observed with car and bike usage). Environmental psychological research has for a long time 1 acknowledged the importance of social norms in fostering pro-environmental behaviour (e.g., be that the competition facilitated the creation of social norms, but these new norms were 11 perhaps anchored on winning the competition (which incidentally required sustainable mobility 12 behaviours) instead of sustainable mobility for its own sake. Future research is required to 13 better understand how changes in social norms can translate into long-term environmental-14 friendly mobility behaviours, such as being combined with infrastructural changes which is 15
another field that cities can influence. 16
4.2.
Limitations of the study and implications for further research When interpreting our results, one must consider the relatively small sample size (especially 33 regarding the Fitness Cup). In this case, initial participation was already low and not all 34 participants filled out all questionnaires. Willingness to fill out questionnaires was particularly 35 low among teams. This implies that coaches were successful in motivating participation in the 36 competition, but not necessarily in the evaluation of the programme. However, given that this 1 was not a lab experiment but a real-world programme, the participation rate also underscores 2 that participating in such programmes is not a primary interest of sportspeople. This points to 3 several important issues for designing such programmes, including timing (e.g. duration of 4 competition, coordination with other activities and events) and communication. 5 In this case, the city invested substantial effort in motivating teams. Personal contacts among 6 sportspeople and those working in city administration were key to increasing participation. One 7 might argue that it is problematic to use employees' personal contacts to reach strategic policy 8 goals, but one can also argue that reaching out to such contacts is an indispensable tool when 9 implementing such programmes. A city like Winterthur (113,500 inhabitants in 2018), with 10 roughly 5,000 city employees of different backgrounds working in diverse fields, has access to 11 vast social networks through its employees. However, further research is necessary in order 12 to better understand how this resource can be used in an ethically responsible way. 13
Participants' transport choices before and after the competition were assessed via self-report 14 for a period of six weeks. While this can of course induce certain biases (such as memory 15 issues, social desirability), the approach was chosen to keep the technical barriers for 16 participation as low as possible by avoiding, for example, that participants had to download an 17 app. Considering the fact that our interest was restricted to mobility to sports trainings (which 18 takes place once or twice a week for most participants), the chosen procedure seems 19 appropriate. In addition, it is important to note that we were mostly interested to study 20 differences between people participating as part of a team and individual participants. To our 21 knowledge, there is no reason to assume that both groups systematically differ in how their 22 self-reports are biased. Hence, this method seems appropriate for the purpose of our study. 23 Methodologically, we chose a quasi-experimental approach with pre-existing groups (sports 24 teams and members of gyms). As in many other real-world studies, participants were not 25 randomly assigned to groups. There may be some bias present, since those who exercise at 26 gyms may be systematically different in relevant aspects from those who exercise at sports 27 clubs. At the same time, these groups represent real demographics, so the study has high 28 ecological validity and offers valuable insights for actors planning behaviour change 29 programmes. The study also displays some characteristics of high internal validity (e.g. 30 matching materials for teams and individuals, comparable questionnaires), which facilitates 31 systematic comparison. 32
Conclusions
33
We conclude that formal social groups such as sports clubs are potentially effective multipliers 34 and motivators for programmes promoting environment-friendly mobility. One coach can 35 motivate many people, and among those people are those with low energy-saving engagement 36 who would probably not have participated in a programme if approached individually. Thus, 1 our results suggest that formal social groups have the potential to motivate critical new target 2 groups for environment-friendly mobility behaviour. This is highly relevant for the large number 3 of behavioural interventions in many places of the world that aim to promote behavioural 4 changes in the mobility domain and which are struggling to reach energy consumers. 5
At the same time, the study results do not suggest that involving formal social groups (more 6 specifically, sports clubs) in mobility behaviour change programmes is a panacea or works 7 better than scattershot approaches in every case. Recruiting such groups is neither free nor 8 quick, especially if contact must first be established. However, if contacts already exist, this is 9
an asset that can and should be used to effectively promote campaigns to trigger behavioural 10 change and social norms towards environment-friendly mobility. 11
The competition in our study triggered behavioural changes in particular for group members 12 but these changes did not translate into habits after the competition has ended. More research 13 is needed about how the momentum of a competition could be combined with infrastructural 14 or policy changes that support the formation of long-term environment-friendly mobility habits. for their time and willingness to answer our questions. We would like to thank Michael 31
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